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Description 

[STRUCTURE OF A MEMORY DEVICE AND 
FABRICATION METHOD THEREOF] 

Cross Reference to Related Applications 

[0001] This application is a divisional application of, and claims 
the priority benefit of, U.S. application serial No. 
10/065,351 filed October 08, 2002, which claims the pri- 
ority benefit of U.S provisional application serial no. 
60/319,376, filed on July 03, 2002. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention relates to a structure of a memory 
device and a fabrication method thereof. More particu- 
larly, the present invention relates to a structure of buried 
bit line of a memory device and a fabrication method 
thereof. 

[0004] Description of Related Art 

[0005] Memory device, by nature, is a semiconductor device used 



to store information and data. The storage of digital in- 
formation is in unit of bit. Information is stored in a cell in 
the memory device. The specific location of each memory 
cell is known as an address. In other words, the memory 
cells in a memory device are arranged in an array, wherein 
a specific row and column constitutes a specified memory 
cell address. The memory cells on each row or each col- 
umn are connected with a common conductive line. 

[0006] Referring to Figure 1, Figure 1 is a schematic, cross- 
sectional view of a structure of a memory cell device ac- 
cording to the prior art. 

[0007] Referring to Figure 1, a conventional memory device com- 
prises a substrate 10, a buried bit line 12, a gate oxide 
layer 16, an insulation structure 14 and a word line 18. 
The buried bit line 12 is disposed in the substrate, while 
the word line 18 extends above and across the buried bit 
line 12. Further, the gate oxide layer 16 is disposed on a 
surface of the substrate 10 to electrically isolate the word 
line 18 and the substrate 10. The insulation structure 14 
is disposed above the buried bit line 12 to electrically iso- 
late the word line 18 and the buried bit line 14. 

[0008] Accompanying the increase of circuit integration and the 
miniaturization of device dimension, the linewidth of the 



buried drain region is also being scaled down. A narrower 
linewidth, however, would lead to its resistance to in- 
crease. Consequently, the current flow of the memory de- 
vice is reduced and bit line loading would become too 
high. If the junction depth of the buried drain region is in- 
creased to resolve the problem of raised resistance at the 
linewidith, not only is the short channel effect generated, 
the problem of junction leakage also occurs. If a high 
concentration of dopants is used to form a shallow junc- 
tion of the bit line to obviate the short channel effect and 
the junction leakage problem due to a deep junction, the 
overloading problem of the bit line remains unresolved 
because of the limitation of the solid-phase solubility. 
Further, in a conventional memory device, a bit line con- 
tact is required for every 32 bit lines or 64 bit lines to 
control the memory device. The formation of a bit line 
contact, however, is limited by the integration of the de- 
vice. Lower the number of the bit line contact in order to 
increase the integration of the device is thus very impor- 
tant. 

Summary of Invention 

[0009] Accordingly, the present invention provides a structure of 
a buried bit line of a memory device and a fabrication 



method thereof, wherein the bit line resistance is reduced. 
[0010] The present invention also provides a structure of a 
buried bit line of a memory device and a fabrication 
method thereof, wherein the generation of the short 
channel effect and the junction leakage problem are pre- 
vented. 

[001 1] The present invention further provides a structure of a 

memory device and a fabrication method thereof, wherein 
the number of the bit line contacts in the device is re- 
duced to increase the integration of the device. 

[0012] | n accordance to the present invention, a structure of a 
memory device is provided, the structure comprises a 
substrate, a deep doped region and a shallow doped re- 
gion. The shallow doped region is disposed in the sub- 
strate while the deep doped region is disposed in the sub- 
strate under a part of the shallow doped region. The shal- 
low doped region and the deep doped region together 
serve as a buried bit line of the memory device. In the 
present invention, the dopant concentrations in the deep 
doped region and in the shallow doped region are about 
the same. The dopant concentrations in the shallow doped 
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region and the deep doped region are about 10 /cm to 
10 22 /cm 3 . 



[0013] The present invention provides a fabrication method for a 
memory device. The method comprises forming a pat- 
terned mask layer on a substrate, wherein the mask layer 
includes a photoresist layer, a polysilicon layer or a di- 
electric material layer (e.g. silicon nitride or silicon oxide 
type of dielectric material). Thereafter, using the mask 
layer as an implantation mask, a first ion implantation 
process is performed to form a shallow doped region in 
the part of substrate that is not covered by the mask 
layer. A liner layer is further formed on the surface of the 
mask layer, wherein forming the liner layer on the surface 
of the mask layer includes performing a plasma enhanced 
chemical vapor deposition of a liner layer material, for ex- 
ample, a high molecular material linear layer. A point that 
is worth noting is that if the liner layer formed on the sur- 
face of the mask layer is a high molecular material layer, 
the liner layer can be reworked directly, therefore, a sec- 
ond ion implantation is performed to form a deep doped 
region in the substrate not covered by the liner layer and 
the mask layer, using the liner layer and the mask layer as 
an implantation mask. The shallow doped region and the 
deep doped region together form a bit line of a memory 
device. 



[0014] The present invention provides a memory device, the de- 
vice comprises a substrate, a gate, a gate oxide layer, a 
deep doped region and a shallow doped region. The gate 
is disposed on a part of the substrate while the gate oxide 
layer is disposed between the substrate and the gate. The 
shallow doped region is disposed in the substrate beside 
both sides of the gate while the deep doped region is dis- 
posed in the substrate under a part of the shallow doped 
region. The shallow doped region and the deep doped re- 
gion together serve as a buried bit line of a memory de- 
vice. In this aspect of the present invention, the dopant 
concentrations in both the deep doped region and the 
shallow doped region are about 10 21 /cm 3 to 10 22 /cm 3 . 

[0015] The present invention provides a fabrication method for a 
memory device. This method comprises forming a pat- 
terned mask layer on a substrate, wherein this mask layer 
is a photoresist layer, a polysilicon layer or a dielectric 
layer (for example, silicon nitride or silicon oxide type of 
dielectric material). Thereafter, using the mask layer as an 
ion implantation mask, a first ion implantation process is 
performed to form a shallow doped region in the sub- 
strate not covered by the mask layer. A linear layer is then 
formed on the surface of the mask layer, wherein the liner 



layer is formed by, for example, plasma enhanced chemi- 
cal vapor deposition and the liner layer is, for example, a 
high molecular weight liner layer. A point that is worth 
noting is that if the liner layer formed on the surface of 
the mask layer is a high molecular material layer, the liner 
layer can be reworked even deviation occurs in the critical 
dimension of the liner layer. A second ion implantation 
process is performed to form a deep doped region in the 
substrate not covered by the liner layer and the mask 
layer, using the liner layer and the mask layer as an im- 
plantation mask, wherein the shallow doped region and 
the deep doped region together form a bit line of a mem- 
ory device. The mask layer and the liner layer are then re- 
moved, followed by forming a gate oxide layer on the sur- 
face of the substrate and a gate on the gate oxide layer. 

[0016] Accordingly, the buried bit line is formed with the shallow 
doped region and the deep doped region, the resistance 
of the bit line of the memory device is thus lowered. 

[0017] The junction of the shallow doped region of the buried bit 
line of the present invention can be made shallower. The 
problems of the short channel effect and leakage current 
are prevented to raise the reliability of the device. More- 
over, the resistance created in the shallow doped region is 



also being compensated. Therefore, forming a narrower 
deep doped region under shallow doped region, the resis- 
tance of the entire buried bit line is lower. 
[0018] | n accordance to the memory device of the present inven- 
tion and the fabrication method thereof, since the resis- 
tance of the bit line is effectively lowered, the voltage of 
the bit line can be lowered to reduce the number of the bit 
line contacts in the device to increase the integration of 
the device. 

[0019] it is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 
the invention as claimed. 
Brief Description of Drawings 

[0020] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0021] Figure 1 is a schematic, cross-sectional view of a memory 
device according to the prior art. 

[0022] Figures 2A to 2F are schematic, cross-sectional views il- 



lustrating the process flow for manufacturing of a memory 
device according to one aspect of the present invention. 
[0023] Figure 3 is a schematic, cross-sectional view of a silicon 
nitride memory device according to another aspect of the 
present invention. 
Detailed Description 

[0024] | n this aspect of the invention, the fabrication methods 

and the structures of a mask ROM device and a silicon ni- 
tride memory device are used illustrate the features of the 
invention. However, it should be appreciated that the 
teaching of the present invention is not limited to a mask 
ROM device or a silicon nitride memory device. 

[0025] Figures 2A to 2F are schematic cross-sectional views il- 
lustrating the process flow for manufacturing of a memory 
device according to one aspect of the present invention. 

[0026] Referring to Figure 2A, a pad oxide layer 102 is formed on 
a substrate 100 to protect the surface of the substrate 
100. A patterned mask layer 106 is further formed on the 
pad oxide layer 102, wherein the mask layer 106 can be a 
photoresist layer, a polysilicon layer, or a dielectric mate- 
rial layer (for example, silicon nitride or silicon oxide type 
of dielectric material). In this aspect of the present inven- 
tion, if the mask layer 106 is a photoresist material, an 



anti-reflection layer 104 is further formed at the bottom 
of the photoresist material mask layer 106. 

[0027] Referring to Figure 2B, using the mask layer 106 as an 
implantation mask, an ion implantation process 108 is 
performed to form a shallow doped region 110 in the part 
of the substrate 100 that is not covered by the mask layer 
106. According to this aspect of the present invention, the 
implantation energy for the ion implantation process 108 
is about 40 KeVto 80 KeV and the dopant concentration in 
the buried bit line is about 10 21 /cm 3to 10 22 /cm 3 . 

[0028] Referring to Figure 2C, a liner layer 112 with a pre- 
determined thickness is formed on the surface of the 
mask layer 106, wherein the liner layer 112 is formed by, 
for example, plasma enhanced chemical vapor deposition. 
A material for the liner layer 112 is, for example, a high 
molecular weight material. A point that is worth noting is 
that if the liner layer 112 is a high molecular material 
layer, the liner layer 112 can be reworked directly even 
deviation occurs in the critical dimension of the liner 
layer. 

[0029] | n accordance to this aspect of the present invention, a 

major component in one type of the reaction gas used for 
the plasma enhanced chemical vapor deposition in form- 



ing the liner layer 112 is, for example, CH^, a mixture 
gasofCH F and C F or a mixture gas of CH 2F and 
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CHF 3 - Further, the plasma enhanced chemical vapor depo- 
sition is conducted under a pressure of, for example, 1 to 
100 mTorr with a power of about 500 to 2000W. Further, 
the self bias value of the plasma enhanced chemical vapor 
deposition is between, for example, 0 to 400 volts and the 
deposition rate is between, for example, 600 to 6000 
angstroms/minutes. Further, the reaction gas for the 
plasma enhanced chemical vapor deposition can also in- 
corporate an argon gas, a carbon monoxide gas, an oxy- 
gen gas and a nitrogen gas, etc. therein. 
[0030] Thereafter, as shown in Figure 2D, using the liner layer 

112 and a mask layer 106 as an implantation mask, an ion 
implantation 114 is performed to form a deep doped re- 
gion 116 in the substrate 100 not covered by the liner 
layer 112 and the mask layer 106. The deep doped region 
116 is formed under a part of the shallow doped region 
110, wherein the deep doped region 116 and the shallow 
doped region 110 together serve as the buried bit line 
118 of the memory device. Further, the dopant concentra- 
tions in both the deep doped region 116 and the shallow 
doped region 110 are about the same. In this aspect of 



the present invention, the implantation energy for the ion 
implantation process 114 is about 50 to 120 KeV and the 
dopant concentration in the deep doped region 116 is 
about 10 21 /cm 3 to 10 22 /cm 3 . 

[0031] Subsequent to the formation of the shallow doped region 
110 and the deep doped region 116, the present inven- 
tion further includes performing an annealing process on 
the buried bit line 118, in which comprises of the shallow 
doped region 110 and the deep doped region 116. The 
annealing process includes, for example, a rapid thermal 
process or a laser thermal process. 

[0032] a point that is worth noting is that the buried bit line 118 
of the present invention is formed by the shallow doped 
region 110 and the deep doped region 116 under a part 
of the shallow doped region 110. Therefore, the method 
of the present invention in forming a memory device can 
lower the resistance of the bit line 110 to attenuate the 
problem of a raised resistance due to the scaling down of 
the memory device. Furthermore, the junction of the shal- 
low doped region 110 of the buried bit line can be made 
shallower to prevent the short channel effect and the 
junction leakage problem in order to raise the reliability of 
the device. Further, the resistance created by the shallow 



doped region 110 is also compensated. Therefore, a nar- 
rower deep doped region 116 formed under the shallow 
doped region 110 can lower the resistance of the entire 
buried bit line 118. 
[0033] Continuing to Figure 2E, the liner layer 112 and the mask 
layer 106 are removed. If the mask layer 106 is a photore- 
sist material and the liner layer 112 is a high molecular 
weight material, the photoresist material mask layer 106 
(including anti-reflection layer 104) and the liner layer 
112 can be removed concurrently. After this, the pad ox- 
ide layer 102 is removed to expose the surface of the 
substrate 100. 

[0034] Referring to Figure 2F, an insulation structure 120 is 

formed above the shallow doped region 110. A gate oxide 
layer 122 is further formed on the surface of the substrate 
100. A patterned hard mask layer (not shown) is formed, 
for example, on the substrate 100 between the insulation 
structure 120 and the gate oxide layer 122 and exposing 
the shallow doped region 110. A thermal oxidation pro- 
cess is then performed to form a field oxide insulation 
layer on the shallow doped region 110. The hard mask 
layer is subsequently removed, followed by performing 
another thermal oxidation process to form a gate oxide 



layer 122 on an exposed surface of the substrate 100. 

[0035] Subsequently, a word line 124 is formed above the sub- 
strate 100, covering the insulation structure 120 and the 
gate oxide layer 122 to complete the fabrication of the 
mask ROM device. 

[0036] The memory device of the present invention further com- 
prises a substrate 100, a shallow doped region 110, a 
deep doped region 116, an insulation structure 120, a 
gate oxide layer 122 and a word line 124, wherein the 
shallow doped region 110 is located in the substrate 100, 
while the deep doped region 116 is disposed in the sub- 
strate 100 under a part of the shallow doped region 110. 
The shallow doped region 110 and the deep doped region 
116 together serve as the bit line 118 of the memory de- 
vice. In the present invention, the dopant concentrations 
in both the deep doped region 116 and the shallow doped 
region 110 are about the same. Further, the insulation 
structure 120 is disposed above the shallow doped region 
110. The gate oxide layer 122 is disposed on the surface 
of the substrate 100. The word line 124 is disposed 
across the buried bit line 118, covering the insulation 
structure 120 and the gate oxide layer 122. 

[0037] The bit line design for a memory device of the present in- 



vention is also applicable to a silicon nitride memory de- 
vice as discussed in the following. 

[0038] The aforementioned processing steps are performed, in 
which a bit line 118 (formed by a shallow doped re- 
gionllO and a deep doped region 116) is formed in a 
substrate 100 as shown in Figure 2E. Then, referring to 
Figure 3, an electron trapping layer 208 is formed on the 
substrate 100. The electron trapping layer 208 is formed 
by stacking a first silicon oxide layer 202, a silicon nitride 
layer 204 and a second silicon oxide layer 206. The elec- 
tron trapping layer 208 covers the substrate 100 surface 
beside both sides of the bit line 118. 

[0039] Thereafter, an insulation structure 220 is formed above 

the shallow doped region 110. Thereafter, a word line 224 
is formed above the substrate 100 to complete the fabri- 
cation of a silicon nitride memory device. 

[0040] The silicon nitride memory device of the present invention 
comprises a substrate 100, a shallow doped region 110, a 
deep doped region 116, an insulation structure 220, an 
electron trapping layer 208 and a word line 224, wherein 
the shallow doped region 110 is disposed in the substrate 
100 while the deep doped region 116 is disposed in the 
substrate 100 under a part of the shallow doped region 



110. Moreover, the shallow doped region 110 and the 
deep doped region 116 together form the buried bit line 
118 of the memory device. In this present invention, the 
dopant concentrations in the deep doped region and the 
shallow doped region 110 are about the same. Further, 
the insulation structure 220 is disposed above the shallow 
doped regon 110. The electron trapping layer 208 is dis- 
posed on the surface of the substrate 200 beside both 
sides of the insulation structure 220. In the present in- 
vention, the electron trapping layer 208 is formed by 
stacking a first silicon oxide layer 202, a silicon nitride 
layer 204 and a second silicon oxide layer. The word line 
224 is disposed above the substrate and across the buried 
bit line 118, covering the insulation structure 220 and the 
electron trapping layer 208. 

[0041] since the buried bit line of the present invention is formed 
with a shallow doped region and a deep doped region, the 
resistance of the buried bit line of the memory device is 
effectively lowered. 

[0042] Further, the shallow doped region junction of the buried 
bit line can be shallower to prevent the short channel ef- 
fect and the junction leakage problem to increase the reli- 
ability of the device. The resistance created by the shallow 



doped region is also being compensated. Therefore, a 
narrower deep doped region is formed under the shallow 
doped region to lower the resistance of the entire buried 
bit line. 

[0043] Further, in accordance to the structure of a memory de- 
vice and the fabrication method thereof of the present in- 
vention, since the resistance of the buried bit line is effec- 
tively lower, the voltage of the buried bit line is also lower 
to reduce the number of the bit line contacts in the device 
in order to raise the integration of the device. 

[0044] Although in the above embodiments, the present inven- 
tion has been described with respect to a mask ROM 
memory device and a silicon nitride device, the buried bit 
line of the present invention is also applicable to other 
memory devices, such as, a flash memory device. 

[0045] it win be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



